ELECTRIC MOTOR 
BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates generally to electric motors. In particular, the 
present invention relates to an electric motor having multiple armatures. 
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SUMMARY OF THE INVENTION 
[0002] The present invention relates generally to electric motors. More 
specifically, the present invention relates to an electric motor having multiple field 
armatures. 

5 [0003] In an illustrative, non-limiting embodiment of this invention, the 

inventive electric motor comprises an axle (or rotor), an electromagnetic member, a 
first field armature, a second field armature, and a housing. In this exemplary 
embodiment, the first field armature and the second field armature are coupled to the 
axle and form substantially concentric circles around the axle. The electromagnetic 

10 member forms a substantially concentric circle between the first field armature and 
the second field armature, and is coupled to the housing. 
[0004] The axle is maintained within the housing by a pair of bearing or 
bearing-less assemblies coupled to the housing. In this manner, the axle and 
armatures assembly is maintained in a desired position relative to the 

1 5 electromagnetic member and the housing. 

[0005] The first field armature is located inside the electromagnetic member, as 
an inner field armature, while the second field armature is located outside the 
electromagnetic member, as an outer field armature. Each field armature comprises 
an equal number of field, or permanent, magnets equally spaced around the field 

20 armature. The magnets may be iron core type magnets. 

[0006] The electromagnetic member is located between the first field armature 
and the second field armature. The electromagnetic member is comprised of a 
number of electromagnets equally spaced around the electromagnetic member. The 
number of electromagnets corresponds to the number of field magnets included in 

25 each field armature. 

[0007] In an illustrative, non-limiting embodiment of this invention, the first 
field armature comprises eight filed magnets equally spaced around the first field 
armature, the second field armature comprises eight filed magnets equally spaced 
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around the second field armature, and the electromagnetic member comprises eight 
electromagnets equally spaced around the electromagnetic member. 
[0008] During operation of this invention, when the electromagnetic member is 
energized, magnetic flux lines are generated by at least certain of the electromagnets 
5 of the electromagnetic member. Certain of the generated magnetic flux lines extend 
generally inward, from the electromagnetic member, through any air-gap between 
the electromagnetic member and the first field armature, to affect the field magnets 
of the first field armature. In this manner, a first magnetic circuit is created between 
the electromagnetic member and the first field armature. 

10 [0009] When the electromagnetic member is energized, certain of the generated 
magnetic flux lines extend generally outward, from the electromagnetic member, 
through any air-gap between the electromagnetic member and the second field 
armature, to affect the field magnets of the second field armature. In this manner, a 
second magnetic circuit is created between the electromagnetic member and the 

15 second field armature. 

[0010] Each of the electromagnets of the electromagnetic member is coupled to 
an appropriate power supply, such that the electromagnets and the electromagnetic 
member may function to produce the necessary electromagnetic force to act on the 
filed magnets of the first field armature and the second field armature and rotate the 

20 first field armature and the second field armature relative to the electromagnetic 
member. 

[0011] When the first field armature and the second field armature rotate relative 
to the electromagnetic member, the axle, which is coupled to the first field armature 
and the second field armature is rotated. By utilizing the two magnetic circuits 
25 created between the electromagnetic member, the first field armature, and the 
second field armature, an additive effect is realized and the amount of torque 
generated by the electric motor of this invention is increased relative to known 
electric motor geometries. 
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[0012] Accordingly, this invention provides an electric motor, which includes 
multiple field armatures. 

[0013] This invention separately provides an electric motor, wherein magnetic 
flux lines are generated by an electromagnetic member and utilized by a first field 
5 armature disposed interior to the electromagnetic member and by a second field 
armature disposed exterior to the electromagnetic member. 
[0014] This invention separately provides an electric motor, with improved 
efficiency. 

[0015] This invention separately provides an electric motor, which provides 
10 increased torque. 

[0016] This invention separately provides an electric motor having an improved 
geometry. 

[0017] These and other features and advantages of this invention are described 
in or are apparent from the following detailed description of the exemplary 
15 embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] The exemplary embodiments of this invention will be described in detail, 
with reference to the following figures, wherein like reference numerals refer to like 
parts throughout the several views, and wherein: 
5 [0019] Fig. 1 shows a perspective view of a first exemplary embodiment of an 
electric motor according to this invention; 

[0020] Fig. 2 shows a side cross-sectional view taken along line 2-2 of Fig. 1 of 
a first exemplary embodiment of an electric motor according to this invention; 
[0021] Fig. 3 shows a front cross-sectional view taken along line 3-3 of Fig. 2 of 

10 a first exemplary embodiment of an electric motor according to this invention; 

[0022] Fig. 4 shows a front cross-sectional view taken along line 3-3 of Fig. 2 of 
a first exemplary embodiment of an electric motor according to this invention, 
showing certain flux lines crossing certain air gaps; and 
[0023] Fig. 5 shows a front cross-sectional view of a second exemplary 

15 embodiment of an electric motor according to this invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0024] For simplicity and clarification, the design factors and operating 
principles of the electric motor according to this invention are explained with 
5 reference to various exemplary embodiments of an electric motor according to this 
invention. The basic explanation of the design factors and operating principles of 
the electric motor is applicable for the understanding and design and operation of the 
electric motor of this invention. 

[0025] Fig. 1 shows a perspective view of a first, illustrative, non-limiting 

10 embodiment of an electric motor 100, Fig. 2 shows a side cross-sectional view taken 
along line 2-2 of Fig. 1 of a first exemplary embodiment of an electric motor 100, 
and Fig. 3 shows a front cross-sectional view taken along line 3-3 of Fig. 2 of a first 
exemplary embodiment of an electric motor 100, each according to this invention. 
[0026] As shown in Figs. 1, 2, and 3, the electric motor 100 comprises at least 

15 one rotatable axle 1 10, bushings 1 12, leads 1 14, brushes 1 16, a commutator 1 18, a 
first field armature 120, a plurality of first field magnets 125, a second field 
armature 130, a plurality of second field magnets 135, an electromagnetic member 
140, a plurality of electromagnets 145, toroidal windings 147, and a housing 150. 
[0027] As shown in greater detail in Figs. 2 and 3, the electric motor 100 

20 comprises a rotatable axle 1 10, which is maintained in a fixed axial position by 
bushings 112. In various exemplary embodiments, the bushings 1 12 may be ball 
bearings, magnetic bearings, Teflon, or any other suitable means capable of 
maintaining the axle 1 10 in a fixed axial position and allowing the axle 1 10 to rotate 
in a conventional manner. The bushings 1 12 are coupled to the housing 150, such 

25 that the rotatable axle 1 10 is maintained in an appropriate axial position relative to 
the housing 150. 

[0028] The first field armature 120 comprises a plurality of field, or permanent, 
first field magnets 125 equally spaced around the first field armature 120. The first 
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field magnets 125 may be iron core type magnets. In various exemplary 
embodiments, the first field armature 120 comprises eight first field magnets 125 
equally spaced around the first field armature 120. 
[0029] The second field armature 130 comprises a plurality of field, or 
5 permanent, second field magnets 135 equally spaced around the second field 
armature 130. The second field magnets 135 may be iron core type magnets. In 
various exemplary embodiments, the second field armature 130 comprises eight 
second field magnets 135 equally spaced around the second field armature 130. 
[0030] As shown in Figs. 2 and 3, the first field armature 120 and the second 
10 field armature 130 form substantially concentric circles around the axle 1 10 and are 
each secured to the axle 1 10. The first field armature 120 is located inside the 
electromagnetic member 140, as an inner field armature, while the second field 
armature 130 is located outside the electromagnetic member 140, as an outer field 
armature. 

15 [0031] The electromagnetic member 140 comprises a plurality of electromagnets 
145 equally spaced around the electromagnetic member 140. The electromagnetic 
member 140 forms a substantially concentric circle between the first field armature 
120 and the second field armature 130, and is secured to the housing 150. In various 
exemplary embodiments, the number of electromagnets corresponds to the number 

20 of field magnets included in each field armature. Each electromagnet 145 comprises 
a series of coils, or toroidal windings 147, wound around each electromagnet 145. 
Each toroidal winding 147 is electrically coupled to an appropriate section or 
segment of the commutator 118. 

[0032] The appropriate section(s) or segment(s) of the commutator 1 18 are in 
25 electrical contact with the brushes 1 16 using presently known methods, which are 
understood and apparent to those skilled in the art. In various exemplary 
embodiments, the brushes comprise a metal or carbon that make contact with the 
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contacts of the commutator 118. The brushes 1 16 are electrically coupled to an 
appropriate current or power source by leads 1 14. 

[0033] In this manner, as the axle 1 10 is rotated, appropriate section(s) or 
segment(s) of the commutator 1 18 are in sequential electrical contact with the 
brushes 1 16 and an appropriate current is sequentially provided to each of 
electromagnets 145 of the electromagnetic member 140. 
[0034] It should be appreciated that, for simplicity and clarification, the 
embodiments of this invention are shown and/or described with reference to the 
electric motor 100 having eight first field magnets 125, eight second field magnets 
135, and eight electromagnets 145. However, the number of first field magnets 125, 
second field magnets 135, and electromagnets 145 of the electric motor 100 is 
intended to be illustrative, not limiting. Thus, it should be understood that the 
number of first field magnets 125, second field magnets 135, and electromagnets 
145 of the electric motor 100 may be varied and more or less than eight first field 
magnets 125, eight second field magnets 135, and/or eight electromagnets 145 may 
be used, depending on, for example, the desired size of the electric motor 100 or the 
specific application electric motor 100 is to be used in. 

[0035] Fig. 4 shows a front cross-sectional view taken along line 3-3 of Fig. 2 of 
a first exemplary embodiment of an electric motor 100 according to this invention, 
showing certain flux lines crossing certain air gaps. 
[0036] As shown in Fig. 4, during operation of this invention, when the 
electromagnets 145 of the electromagnetic member 140 are appropriately energized, 
magnetic flux lines (exemplary magnetic flux lines 149 are illustrated) are 
sequentially generated by the electromagnets 145 of the electromagnetic member 
140. Certain of the generated magnetic flux lines extend generally inward, from the 
electromagnetic member 140, through the air-gap between the electromagnetic 
member 140 and the first field armature 120, to affect the first field magnets 125 of 
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the first field armature 120. In this manner, a first magnetic circuit is created 
between the electromagnetic member 140 and the first field armature 120. 
[0037] When the electromagnetic member 140 is energized, certain of the 
generated magnetic flux lines (exemplary magnetic flux lines 149 are illustrated) 
extend generally outward, from the electromagnetic member 140, through the air- 
gap between the electromagnetic member 140 and the second field armature 130, to 
affect the second field magnets 135 of the second field armature 130. In this 
manner, a second magnetic circuit is created between the electromagnetic member 
140 and the second field armature 130. 

[0038] As described above, each of the electromagnets 1 45 of the 
electromagnetic member 140 is sequentially energized to produce the necessary 
electromagnetic force to act on the first field magnets 125 of the first field armature 
120 and the second field magnets 135 of the second field armature 130 and rotate 
the first field armature 120 and the second field armature 130 relative to the 
electromagnetic member 140. 

[0039] When the first field armature 1 20 and the second field armature 1 30 
rotate relative to the electromagnetic member 140, the axle 1 10, which is coupled to 
the first field armature 120 and the second field armature 130 is rotated. 
[0040] Fig. 5 shows a front cross-sectional view of a second exemplary 
embodiment of an electric motor 500 according to this invention. As shown in Fig. 
15, the electric motor 500 comprises at least some of a rotatable axle 510, bushings 
512, leads 514, brushes 516, a commutator 518, a first field armature 520, a plurality 
of first field magnets 525, a second field armature 530, a plurality of second field 
magnets 535, an electromagnetic member 540, a plurality of electromagnets 545, 
toroidal windings 547, and a housing 550 (not shown). 

[0041] It should be understood that each of these elements corresponds to and ' 
operates similarly to the rotatable axle 1 10, the bushings 1 12, the leads 1 14, the 
brushes 1 16, the commutator 118, the first field armature 120, the plurality of first 



field magnets 125, the second field armature 130, the plurality of second field 
magnets 135, the electromagnetic member 140, the plurality of electromagnets 145, 
the toroidal windings 147, and the housing 150, as described above with reference to 
Figs. 1-4. 

[0042] However, as shown in Fig. 5, the electric motor 500 comprises a second 
electromagnetic member 560, a plurality of second electromagnets 565, and second 
electromagnet toroidal windings 567, a third field armature 570, and a plurality of 
third field magnets 575. 

[0043] As shown in Fig. 5, the plurality of second field magnets 535 may be 
portions of the same plurality of second field magnets 535 exposed on both sides of 
the second field armature 530. In other exemplary embodiments, the plurality of 
second field magnets 535 may comprise a plurality of inner second field magnets at 
least partially exposed on an inner side of the second field armature 530 and a 
plurality of outer second field magnets at least partially exposed on an outer side of 
the second field armature 530. 

[0044] The third field armature 570 is secured to the axle 5 10 and the second 
electromagnetic member 170 is secured to the housing 550 (not shown). 
[0045] During operation of the electric motor 500, when the electromagnets 545 
of the electromagnetic member 540 are appropriately energized, magnetic flux lines 
are sequentially generated by the electromagnets 545 of the electromagnetic member 
540. Certain of the generated magnetic flux lines extend generally inward, from the 
electromagnetic member 540, through the air-gap between the electromagnetic 
member 540 and the first field armature 520, to affect the first field magnets 525 of 
the first field armature 520. In this manner, a first magnetic circuit is created 
between the electromagnetic member 540 and the first field armature 520. 
[0046] When the electromagnets 545 of the electromagnetic member 540 are 
appropriately energized, certain of the generated magnetic flux lines extend 
generally outward, from the electromagnetic member 540, through the air-gap 
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between the electromagnetic member 540 and the second field armature 530, to 
affect the second field magnets 535 of the second field armature 530. In this 
manner, a second magnetic circuit is created between the electromagnetic member 
540 and the second field armature 530. 

[0047] When the second electromagnets 565 of the second electromagnetic 
member 560 are appropriately energized, magnetic flux lines are sequentially 
generated by the second electromagnets 565 of the second electromagnetic member 
560. Certain of the generated magnetic flux lines extend generally inward, from the 
second electromagnetic member 560, through the air-gap between the second 
electromagnetic member 560 and the second field armature 530, to affect the second 
field magnets 535 of the second field armature 530. In this manner, a third magnetic 
circuit is created between the second electromagnetic member 560 and the second 
field armature 530. 

[0048] When the second electromagnets 565 of the second electromagnetic 
member 560 are appropriately energized, certain of the generated magnetic flux 
lines extend generally outward, from the second electromagnetic member 560, 
through the air-gap between the second electromagnetic member 560 and the third 
field armature 570, to affect the third field magnets 575 of the third field armature 
570. In this manner, a fourth magnetic circuit is created between the second 
electromagnetic member 560 and the third field armature 570. 
[0049] As described above, each of the electromagnets of each electromagnetic 
member is sequentially energized to produce the necessary electromagnetic force to 
act on the appropriate field magnets of the first field armature 520, the second field 
armature 530, and the third field armature 570, and rotate the first field armature 
520, the second field armature 530, and the third field armature 570 relative to the 
electromagnetic member 540 and the second electromagnetic member 560. 
[0050] When the first field armature 520, the second field armature 530, and the 
third field armature 570 rotate relative to the electromagnetic member 540 and the 
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second electromagnetic member 560, the axle 510, which is coupled to the first field 
armature 520, the second field armature 530, and the third field armature 570, is 
rotated. 

[0051] With the addition of the second electromagnetic member 560 and the 
third field armature 570, an additional additive effect is again realized and the 
amount of torque generated by the electric motor 500 is increased. 
[0052] While this invention has been described in conjunction with the 
exemplary embodiments outlined above, it is evident that many alternatives, 
modifications, and variations will be apparent to those skilled in the art. For 
example, the electric motor of this invention may include multiple additional field 
armatures and electromagnetic members, wherein each field armature is secured to 
the axle of the electric motor and each electromagnetic member is secured to the 
housing. 

[0053] Such adaptations and modifications should and are intended to be 
comprehended within the meaning and range of equivalents of the disclosed 
exemplary embodiments. It is to be understood that the phraseology of terminology 
employed herein is for the purpose of description and not of limitation. 
Accordingly, the foregoing description of the exemplary embodiments of the 
invention, as set forth above, are intended to be illustrative, not limiting. Various 
changes, modifications, and/or adaptations may be made without departing from the 
spirit and scope of this invention. 
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